Optimal conditions for reperfusion during cardiopulmonary bypass.
An experiment was designed to determine optimal methods of myocardial reperfusion after normothermic ischemic arrest in the in vivo pig heart. Four variables were studied: 1) ischemic arrest for 15 minutes repeated six times vs 30 minutes repeated three times: 2) coronary reperfusion between each arrest period lasting 5 or greater than or equal to 15 minutes (the latter duration dependent upon electrocardiographic reversal of ischemic); 3) perfusion pressure of 50, 75, or 100 mm Hg; and 4) a beating or fibrillating heart during reperfusion. The effects of perfusion were monitored by measuring the endocardial/epicardial perfusion ratio (with ratioactive microspheres), coronary blood flow, and coronary reactive hyperemia by measuring coronary vascular resistance during reperfusion. Electron micrographs were examined to determine if subtle distinctions between groups could be measured. A total of 78 pigs (60 experimental and 18 control) were evaluated. The experimental animals were divided into 10 groups of six pigs each. In each group only one of the four variables (beating or fibrillating ventricle, perfusion pressure, duration of ischemia, and duration of reperfusion) was altered to provide comparative data. Results are based on improved endocardial perfusion and a greater coronary reactive hyperemic response when comparing each experimental group to one another and to control animals. Reperfusion of a contracting rather than fibrillating ventricle resulted in improved endocardial flow as did reperfusion at a low (50 or 75 mm Hg) rather than a high (100 mm Hg) perfusion pressure. A short ischemic interval repeated six times rather than a longer ischemic interval repeated three times also allowed for improved subendocardial perfusion and a greater reactive hypermic response as did a longer reperfusion period between equal ischemic intervals. Electron microscopic studies showed a gradation of abnormalities ranging from little deviation from control in beating hearts and short ischemia and long duration, low pressure reperfusion to marked mitochondrial vacuolization in fibrillating hearts subjected to long ischemia, short reperfusion at high perfusion pressures. The best technique for myocardial reperfusion based on available data is to provide reperfusion of adequate duration in order to reverse the ischemic electrocardiogram in a beating heart, avoiding an excessively high perfusion pressure.